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ABSTRACT: 

Melt adhesive compositions containing a mixture of at least one reactive binder based on 
silane-functional polyisobutylene, hydrated polybutadiene and/or poly-.alpha.-olefines and a 
non-reactive binder from the group of butyl rubbers, poly-.alpha.-olefines and a non-reactive 
binder from the group of butyl rubbers, poly-.alpha.-olefines, polybutenes, styrene block 
copolymers or diene polymers may be used as one or two-part adhesives/sealants for the 
production of double glazing. Here, no separate spacer of metal or plastic sections are 
needed. As the entire edge bond consists of a uniform material, on the one hand the 
production process for the double-glazing units can be greatly simplifed and on the other the 
uniform material can be subjected particularly easily to a recycling process after a double- 
glazing unit has been dismantled, as it not a composite material. 

CLAIMS: Show all claims 

*** Note: Data on abstracts and claims is shown in the official language in which it was 
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WO 87/4*778 PCT/EF97/0299S 
A Reactive Hotmelt Adhesive Composition for Insulating Glass 

This invention relates to hotmelt adhesive compositions and to their 
use, more particularly few the manufacture of double glazing or multiple 
glazing. 

insulating g? ass is now vW defy used in the building industry and, to a 
large extent, in vehicle mern/facfure by virtu© of its many advantages, 
including in particular improved thermal and acoustic insulation in relation to 
single glazing. It is known that multiple glazing systems consist of two or 
more layers of glass arranged parallel to one anolher and joined at lhair 
edges in such a way that the space between the layers Is sealed off from ths 
ambient air so that no mdslure is able to penetrate into that space. In 
addition, the edge bond/seal is designed lo withstand all the various 
mechanical and chemical stresses which arise out of varying climatic 
conditions. In many cases, the spaca In question is even filled with dny gases 
which increase thermal insulation and acoustic insulation in relation to air 
fillings. 

In comnnerciafly available multiple glazing units, rigid spacers keep the 
layers cf glass at the required distance apart from one another. In the most 
common embodiment, the spacer consists of an aluminium or steel hollow 
section Jt Js arranged near (lie edges of the glass layers h such a way that, 
together with the edges of the glass layer, tho spacer forms an outwardly 
facing channel for accommodating sealants end adhesive*. Normally, that 
side of the spacer wftch faces the spaca between the layers of glass has 
small openings and the hotlow interior of the spacer is used lo accommodate 
a drying agent lo adsorb mafsture and any solvent residues present in the air 
or gas space between the layers of glass. This prevents moisture from 
condensing on the inside of the glass layers at low ambient temperatures. In 
high-quality multtple glazing systems, a sealant with a good barrier effect 
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against water vapor i$ provided between those surfaces of the spacer v/hich 
face the grass layers and ihe glass surface. Formulations based on 
pafyisobutylena and/of butyl rubber are generally used as tha sealant. Tha 
channel farmed by me outwardly directed fees of the spacer and the margins 
of tha gfess layers is generally filled wifh a two-component adhesive/ seaiant 
whfch bonda/ssals Ihe multiple glazing unit with sufficient strength, Tne 
adhesive/sealant used must show good adhesion to the grass and, in 
addition, must bs sufficiently elastic lo withstand (he expansion and 
contraction movements of the glass layers under varying climatic conditions. 

Accordingly, fos manufacture of high-quaJity multiple glazing units of 
tha typa in question naturally involves a number of complex process steps 
and Js extremely expensive despite a high degree of automation on large 
assembly lines. As a result, (here has been no shortage of attempts in the 
past to simplify the compfex process steps involved in the produciion of 
multiple glazing and, in particular, fo eliminate the need fo/ pre-profiJed 
spacers. 

The so-called "Syslem ewer" consists, for example, of a thermoplastic 
inner strand of which the polymer component is preferably composed of 
pofyisobutytene or butyl rubber and which contains a molecular sieve for 
adsorbing moisture. This strand faces the space betoken Ihe glass layers 
and is initially extruded onto one layer of glass, aaer which Ihe second layer 
of glass is positioned over tha first and (he two glass layers are then pressed 
together unlii (hey are at the required distance apart Thereafter the outer 
margin is sealed by a generally t^o-component adhesive/sealant, in this 
arrangement, the inner strand of the thermoplastic polymer performs the 
function of the spacer and carries the drying agent and, m addition, acts as 
the main barrier against water vapor. The outer generally too-component 
adhesfve/soalan* provides for the mechanical strength of the double glazing 
system. This system is described in numerous paJentstepplications, cf. for 
exarnple DE-C-25 55 381, DE-A-25 55 383, DE-A-25 55 384 and EP-A-176 
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388. 

DE-A-44 07 802 describes e process for the production of double or 
multiple glaring systems in which the (wo or more layers of glass arranged 
parallel to one another are kept at a distance and, at their margins, are 
surrounded by an extrusion-coated frame which holds the layers of glass 
apart Iram one another. According to the document in question, the material 
used for extrusion coating Is a thermoset, thermoplastic or ceramic material. 
The composition of the irgection molding material is not discussed, nor are 
any deMs provided as to whether and how the gas or fhe air in the spaoe(a) 
between the glass layers can be kept dry. 

EP-A- 617 067 describes a deformable strip-fike extrudate for sealing 
and maintaining the distance between two layers of insulating glass. The 
deformable strip consists of a flo^resistant polymer matrix, which, at its 
center, contains a flat wave-shaped material which extends perpendicularly 
of the layers of glass and which is In intimate contact with the polymer matrix. 
This flat wave-shaped material performs the function of the spacer and, at the 
same fime, acts as a water vapor barrier. The volume of the polymsr matrix 
which faces the apace between the layers of glass preferably contains a 
drying agent. A semi-interpenetrating nelvvork consisting of a butyl rubber 
and a lightly crossJinked polyisobutylene is proposed as the polymer matrix. 
The preformed deformable seating strip is produced by co-extrusion of fhe 
polymer matrices and the flat wave-shaped material. This preformed sealing 
tape is then placed on one of the layers of glass, (he second glass layer is 
positioned over the first and the two layers of glass are then pressed 
together. Since no further curing process takes place after application, the 
marginal zone between the sealing strip and the glass layer has a tendency 
towards cold flow. 

DE-A-38 34 400 describes a double- glazing unit which consists of two 
layers of glasss joined at their edges by a plastic spacer. The spacer 
consists of two or more different layers of which the inner layer defines the 
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interior space and consists of a cured adhesive which contains a moisture- 
absorbing substance whi Je the outer layer consists of a cured adhesive which 
is different from the adhesive forming In* inner layer. The inner layer of the 
adhesive consists of polymers with a relatively high permeabiiily fo water 
vapor and may additionally contain a powdar-form drying agent, for example 
a molecular sieve, white the outer adhesive layer is said to have a lower 
specific permeability to wafer vapor then the inner layer. Polyurethanes or 
silicone rubbers are proposed for the inner layer whiJe a pofysulfide-based 
adhesive is proposed fop the outer layer. This system has the advantage 
over the above-mentioned doubfe glazing systems that both layers of 
adhesive consist of reactive materials which crosslink after application so lhat 
the mechanical cohesion of the layers of gjass is better, even under 
weathering influences. The disadvantage of this process is (hat two different 
materials have to be applied in two process steps. 

WO 95/13449 describes sealing profiles preformed for (his purpose. 
The sealing profiles consist of a completely or partly crosslinfced polyiso- 
butylene copoJymer as the polymer matrix and contain en aluminium foil as 
a water vapor diffusion barrier. The disadvantage of this system is lhat the 
spacer system is made up of several different layers \tfiich complicates the 
production process and which is also unfavorable from (he point of view of 
disposal and/or recycling. 

EP-A-232 873 describes sealants for the production of spacer-free 
double glazing systems based on 20 to 80% by weight of epoxicfaed natural 
rubber, 5 to 30% by weight of at least one ofher epoxy compotmd and an 
amine or mercsptan containing inqJtaxysflyi groups as crossluiking agent and 
typicaJ additives, such as coupling agents, tackifiers, plasticizers, fillers, 
drying agents, antiagera and UV niters. Although double glazing systems 
such as these show excellent resistance to ageing, their main disadvantage 
is that they can onJy be produced as t^o-component systems where the two 
reactive components can onfy be mixed immediately before application 
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It has now been found that multiple glazing systems can be produced 
particularly inexpensively by using hotmelt adhesive compositions which 
contafo a mixture of at least one reactive binder and at Isast one non-reaclive 
binder, at least one reactive binder consisting of rilane-funcBonal 
pdytsobutylariB and/or sllane-functionaJ hydrogenated pofybutadiene and/or 
snane4unctfonal poly-a-olefin and the non-reactive binders) being selected 
from die group consisting of butyf rubbers, poly-a-olsfins. polybutenes, 
rubbers based on styrene block copolymers, rubbers based on statistical 
dlene homopolymers and/or copolymers. 

The preferred siJane-functional groups of the reactive Wnder(s) can be 
represented by formula (1 ): 




■Si — O -Si X. 



1 



n 



where -A- can represent 



-<CH 2 ) m - 
-N-C-N-R'- 



(2) 
(3> 
(A 




and R' end R 3 may be the same or different and represent an aJfcyl group 
containing 1 ta 20 carbon atoms, an aryl group containing 6 to 20 carbon 
atoms or an aryfalkyl group containing 7 to 20 carbon atoms, X can be a 
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hydroxyl group or a hydnolyzabfe group, a can be an Integer between 0 and 
3 and b can have a value of 0, 1 or 2. Ihe sum of a end b being 1 or greater 
than 1, and n is a number of 0 to 18, rn is an integer of 0 to 4 and R a 
represents 

"(CH^ or 
.CCH,) m -N.(CH 3 L- 

H 

The reactive binders) contains) a! least one si lane-functional group 
coiresponding toformure (1). h a Deferred embodiment, they contain on a 
statistical averaga baleen 1 and 3 siJane^unctional groups per molecule. 
The silane-functtonai groups are situated e&her at the ends of the macro- 
molecule {teJechelic polymers) or are statistically distributed over the polymer 
chain. The hydroJyzabi* group X may be any hydrolyzable group known per 
ce, for example an alkoxy group, acetoxy group, ammo group, o>Jme group 
or amide group. The hydrolyzable group is preferably an alkoxy group, more 
preferably a melhoxy or ethoxy group 

The silana-funclional poly isobulyl ones, alane-funclionaj po^buta- 
dienes orsllana-lunctional poty-o>olefin3 are produced in known manner. A 
telechelic polymer containing otofmically unsaturated terminal groups is 
normally formed in the first stage and is reacted with organosificon com- 
pounds in a second stago lo form silane-functionai polyisobutylene, 
hydrogenated poJybutadrene or poly^a-Dlafin. The various versions of this 
production procass for srlene^functionaJ poly isobufyjenes or polybutedienes 
are described, for example, in the following patent applications: EP^-287 
025, EPA^452 87S, fEP-A-434 840, EP-A-252 372, EP-A-79 456, EP-A- 537 
WO. 

Other poss&re methods for ihe production of silane-functtonal 
polyisobuf ylenes or hydrogenated pofybutadienes are described in EP-A-31 2 
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967. In addition, a hydroxyfunctionaJ polyisobutylene, hydroxyfunrtfonal 
polybutadiene or hydroxyfunctionaJ poly-cr^oiefin can be prepared in a first 
process step and reacted wilh an israyanate^unctional silane in a second 
step. 

Another possible method for producing (he sifane^unctiorial binder* 
comprises reacting the nonfunctional polyisobutytenas, hydrogenated 
potybutadianes or po5y<*-olefin3 with DOr/esponding organofunctional silanes 
in known manner in a grafting reaction. The sflane groups are of course 
statisflcally distributed inrfhe polymer chain. 

to principle, any rubbeMike polymer with no functional groups may bo 
used for (he non-reactive binder. However, since the composition as a whole 
is preferably intended for the production of epaoer-free double glazing edga 
seals/bonds, the non-reactivB binder should also be selected from polymers 
which guarantee tow permeability to gases and, in particular, low permeability 
to wale? vapor of the glazing unit as a whole. Hie non-reactive binders may 
be selected from Ihe group consisting of pol^a -olefins, rtjbbens based on 
styrena block copolymers, rubbers based on statistical dlene homopolymers 
andfor copolymers and, in particular, pojybutenas or butyl rubbers. 

Suitable poly-a-olefms are. for example, ethybne/propylene elasto- 
mers, such as ethylene/propylene ropoiymers and terpolymers of ethylene 
and propylene with an unconjugated diene (£PDM) k Propane/butane 
copolymers and elhyiene/vinyi acetate are also suitable. 

The rubbers based on sfyrene Wodt copolymers are the dibiock and 
triblock copolymers of styrene with a diene, for example butadiene or 
rsoprene, which are commercially available, for example, under the name of 
Kraton from Shell. Hydrogenated or partly hydrogonated block copolymers 
may also be used. 

Examples of the statistical diene homopoiymcns and copolymers are 
pofybutediene, pofyiscprene, copolymers fliereof and styrene/butadiene 
copolymers, acrjlanrtrtle/butadiena copolymers and the partly hydrogenated 
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or completely hydrogenated diene polymers of the last-mentfonecf group. 

Natural rubber, more particularly epoxidized natural rubber, may also 
be used as a nan-reactive binder 

By virtu© of their particularly favorable barrier effect against water 
vapor and gases, pofybutenes anchor ppiyisobutene l polyolefins produced by 
stereosperific pofymerization of 1-bufene or tsobutene and bufyl rubbers, i.e. 
copolymers or isobufylene with tsoprene, are most particularly preferred. 

The hntrnelt adhesive compositions aooording to the invention may 
also contain plaslicizars/ although the plasticizers should be chosen with 
particular care according to the following criteria; 

- An extremely low percentage content of volatile components in order 
to avoid so-called fogging over the life of the double glazing unit 
Fogging is a weU-known phenomenon whereby small quantities of 
volatile components of the binder system first enter the space between 
the layers of glass and condense on the colder parts thereof. 

- The barrier effect of the polymer matrix against water vapor and gases 
shoufd not be actversely affected by the plasliclzer. 

Examples of suitable plasticizers are the phUialate plasticizers known 
per so based on phthalic acid alkyl or aryl esters, providing thair volatile 
components are so small in number that (he plasticizers do not cause any 
fogging and, in addition, the phthalale plasticizers are compatible with the 
binder system, Le. have no tendency towards exudation. 

liquid polybufenes and poJyisobutenes are most particularly preferred 
pJasticizers. 

The hotmelt adhesive compasttfons according to the invention may 
additionally contain components known per se, including in particular water- 
binding fillers, preferabfy Ihe zeolites of <he 3 A type known as molecular 
sieves in powder form in addition, fine-particJe inert fillers, for example 
ground or precipitated chalks, kaofins, clays and carbon Macks may be used 
The chalks, kaofins or clays may be used both in their surface-hydrophobi- 
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cfczed form or eve/} without any surface pretreatmertL 

In addition, the compositions contain arganoamcbonal sUanes as 
coupling agents andtor crossl inking agents, Including for example 3- 
glycidytaxyp/opyl Iriafkoxysflane, 3-ac*yloxypropyl trialkoxysilane, 3-amino- 
propyl triaJkoxysiJane, vinyl WaJkoxysflane, N^lnoethyJ-3-amjrKJpropyl 
methyj diaJXoxysilane, phany!ajrunoprapyj trialkoxysiiane, aminoalkyl 
tiialkoxydisilane or i-bufyl melhoxysilsne. A particularly preferred alfcaxy 
group is the methoxy or ethoxy group. 

Suitable catalysts- ere any known compounds which are capable of 
catalyzing (he hydrolysis of the hydrolyzaWe groups of the silane groups and 
the subsequent condensation of (ha ShOH group to aloxane groups 
(otosslinking reaction or coupling function). Organic compounds of divalent 
and tetravafent tin are maat particuJarly preferred. 

The choice of the enliager used, if any, is governed by the composition 
of the binder. Antioxidants of the clerically hindered phenol, tMoether or high 
mofecuiar weight mercapto compound type and UV stabilizers of (he known 
ten^otriazofe, benzophenone or HALS [hindered amine light stabilizer) type 
may be used. It can be of advantage fo add known anti-ozonanls. in 
exceptional cases, hydrolysis stabilizers may also have lo be added. 

Where the hotmett adhesive compositions according fo the invention 
are used for the production of multiple glazing units, the multiple glazing unii 
thus produced is distinguished by the flowing features in nation to the prior 
art 

- the adhesive mixture acts both as a spacer and as a ma(rix for the 
moisture^absorbing substance, 

- it also forms an elastic bond/seal at (he edges of the glass layers, 

- the wafer harmful to fha useful life of (he double glazing unit is not only 
bound En the matrix by the moJecular sieve, tt is also at least partly 
consumed by a chemical reaction in (ho curing process. 

A particular advantage is that aU the process steps hitherto involved 
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In the formation of a conventional edge seal/bond are now combined into e 
single step. Another advantage is that, because it consists of only one 
material, a system of the type in question can bB recycled after dismantling 
of the double glazing unit at the end of its useful fife because, in contrast to 
5 the prior art. It Is riot a composite material of polymer matrices differing in 
their composition. 

The compositions according to the invention preferably consist of 

(a) silane-functional poJyteobutyiene, 
silane-functioral hydrogenated polybutadiene 

10 or silane-functional pofy-ct-otefin 20 -70% by weight 

(b) butyl rubber 5 . 3 0% by weight 

(c) pofy-ot-olefin 6 -30% by weight 
(d> molecular sieve of the zeolite 3A type 20 -30% by weight 
{e) carbon black 5 -30% by weight 

15 (f> catalyst 0.1- 2% by weight 

(g) organosaane 0. 1- 2% by weight 

The compositions may be produced in known manner by high-shaar 
mixing of the components to homogeneity, optionally in vacuo or in an inert 
gas atmosphere. The components being mixed may have to be heated or 

20 cooled. Since the hotmeJl adhesive compositions react with moisture by 
crosslinking, the compositions have to be protected against moisture pending 
their final application by the user in order to guarantee adequate stability in 
storage. 

In the embodiment as a one-component adhesive/sealant, all the 
25 above-mentioned components are mixed together in the production process. 
In the two-component embodiment, the catalyses) (f) are separately prepared 
in a paste of the rorKeactive binder (b) and/or (o) and part of the filler (e) and 
optionally plasticizsr as component e. The other constituents are prepared 
as component A, bo&i components being mixed immediately before 
30 application In another embodiment, component A consists of constituents 
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{a) to (g) while component B consists of a water-containing paste, ihe wafer 
optionally being present In this -paste in the form of waferale&sing corn- 
pounds, for exampte sails containing water of aystailteati oa One advantage 
of IWs procedure is that it enables the compositions to ba formulated in such 
a way that a particularly rapid crosslinking reaction lakes place, so that a 
double glazing seal/bond thus formed is capable of withstanding severe 
mechanical stressing altera particularly short lime. 

To produce the double glazing units. Ihe layers of gfaas to be joined 
are either kept at the predetermined distance apart in known manner and the 
compositions are injected into the space between the layers at their margins 
by means of an extruder-Eke applicator, opIionaKy with heating and profiling. 
By virtue of the hotmelt-flke consistency of Che composition, the edge 
seal/bond develops an early strength after cooling of the adhesive composi- 
tion sufficient lo enable the double glazing units to be immediately further 
processed, transported or stored. Ultimate strength is developed through the 
crosslinking of the siJana groups of lha reactive binder in combination with the 
organosilane added by reaction with the moisture in the space befr/een the 
glass layers anoVor the ambient air. 

In another embodiment, (he hotmeK adhesive is applied to the 
peripheral edge of one layer of glass, optionally with heating and profiling, the 
second layer of glass or additional layers of glass are then positioned over 
fhe first in such a way that Ihe layers of glass are exactly aligned one above 
the other. They are then pressed together in such a way that the adhesive 
completely WBts Ihe edges of both or all the layers of glass and (he predeter- 
mined inter-layer spacing is reached. In this embedment, (oo. (he early 
strength of the edge saaifoond is developed during the cooling process 
whereas ultimate strength is achieved by crosslinking with moisture. 

As mentioned above, the two components of the two-component 
hotmelt adhesives are mixed immediately before the appfication steps just 
described The edge seaJ/bond develops its uKimste strength more quickly 
in this embodiment than in the cno-coroponent version. 
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CLAIMS 

1 . A hotmelt adhesive cornposition containing a mixture of at least one 
reactive binder aiui a( least one non-reactive binder, characterized in that at 
least one reactive binder consists of s&ajTMunetionaf pctyisobutylenes and/or 
silana-functioral hydrogsnated polybutedienes and/or silane^uncUonai poly- 
a-olefins and flie non-reactive binder(s) is selected from the group consisting 
cf butyl rubber*, pdy-a-olefins. polybutenes, rubbers based on styrene block 
copolymers, rubbers based on statistical dJene homopoJymers and/or 
copolymers. 

2, A composition as claimed in claim 1 > characterized in that the salane* 
functional groups of the reactive binder(s) are represented by formula (1): 



R 2 

2* 



-Si — O --Si- 



R 1 



3-8 



when? -A- can represent 

-S-(CH^ - 
-N-C-N-R 3 - 
111 

and R 1 and R 2 may ba the same or different and represenf an alkyl group 
containing 1 to 20 carbon atoms, an aryl group containing 6 to 20 carbon 
atoms of an arylalkyl group containing 7 to 20 carbon atoms, X can be a 



(2) 

(3) or 



